ABSTRACT. Colocalization of glucagon-like peptide (GLP)-1 with GLP-2 in L-cells was investigated in the chicken ileum by using double immunofluorescent and immunocytochemical techniques. Ultrastructural features of L-cells were also clarified in this study. L-cells showing immunoreactivity for both GLP-1 and GLP-2 were distributed in the whole ileum. They showed comma-like or flask-like shape and were located in epithelium of crypts and lower part of intestinal villi. L-cells showing GLP-1-immunoreactivity only were found in epithelium of lower and middle parts of intestinal villi. Transmission electron microscopy indicated that L-cells identified by colloidal gold-labeled immunocytochemistry were covered apically with microvilli, open-type and contained many secretory granules in their perikarya. These secretory granules without halo were round to oval in shape and showed moderate electron density. The longest and shortest diameters of secretory granules were 355 ± 62 nm (mean ± SD) and 287 ± 48 nm, respectively. Double labeling immunocytochemistry using two different sizes of particles (6 and 12 nm in diameter) of colloidal gold revealed that GLP-1 colocalized with GLP-2 in the same secretory granules. This study advances new morphological data about the endocrine system of the chicken small intestine.
Glucagon-like peptide-1 (GLP-1) is a 30-amino acid peptide derived by specific post-translational proteolytic cleavage and other enzymatic modifications of proglucagon and secreted from L cells in the intestine [5, 17] . This mealinduced gut hormone [2, 7] has many important physiological actions, such as the accentuation of glucose-dependent insulin release, the inhibition of glucagon secretion and the increase of pancreatic B cell growth [5, 8, 15] . Moreover, GLP-1 has other important biological functions; e.g. reduction of food intake [2, 9] , deceleration of gastric emptying [15, 18] and intestinal motility [21, 22] . Immunohistochemical and morphometrical studies in the chicken intestine have shown that GLP-1-immunoreactive cells are mainly distributed in the whole jejunum and ileum, and rarely found in ascending duodenum, but not in other intestinal regions [11, 12] . Pirone et al. showed similar findings about GLP-1-immunoreactive cells in the pheasant gastrointestinal tract [16] . These findings suggest that GLP-1 plays an important role in the regulation of activities of the avian small intestine.
GLP-2 is an intestinotrophic peptide consisted of 33-amino acid and has some important effects, such as a stimulation of the intestinal growth and an inhibition of apoptosis in the intestinal crypt compartment [1] . This hormone is also derived from proglucagon in the intestinal L-cells [4, 5] , so that these two GLPs are colocalized in the same secretory granule of the mammalian intestinal L-cells [23] . This colocalization, however, is not demonstrated in the chicken intestine.
Enteroendocrine cells are identified by morphological features of their secretory granules. Some ultrastructural studies on intestinal L-cells in the mammalian intestine have revealed that their secretory granules show a round shape of 250-400 nm in diameter and a high electron density without halo [3, 10, 14, 23] . But, no data are obtained about ultrastructural features of L-cells in the chicken intestine as far as we know. Ultrastructural data, especially about secretory granules, may present important informations to understand the mechanisms of GLP secretion. In the present study, we aimed to clarify the colocalization of GLP-1 with GLP-2 in chicken intestinal L-cells by using double immunofluorescent technique and immunocytochemistry with colloidal gold. Ultrastructural characteristics of L-cells were also examined in the chicken small intestine.
MATERIALS AND METHODS
Experimental birds: White Leghorn chicks (n=12, male) at one day of age were commercially obtained from Komatsu Shukeijyo (Matsumoto, Japan) and reared in our laboratory given a commercial diet and water ad libitum and under hr. Incubation of sections with the cocktail of FITC-labeled donkey anti-mouse Ig G (1:100, GTX85337, GeneTex, Irvine, CA, U.S.A.) and rhodamine-labeled donkey anti-rabbit Ig G (1:100, 611-700-127, Rockland Immunochemicals, Gillbertsville, PA, U.S.A.) was carried out for 3 hr. Sections were coverslipped with aqueous mounting medium (PermaFluor, Thermo Fisher Scientific, Fremont, CA, U.S.A.), observed and photomicrographed under a fluorescent microscope (AxioImager, Zeiss, Göttingen, Germany). All incubations were carried out in the moisture chamber at room temperature.
The specificities of primary antibodies used in this study were documented by the manufacturers and in previous reports [6, 19] . Primary antibodies against GLP-1 and GLP-2 mentioned above were preabsorbed with chicken/common turkey GLP-1(7-36) amide (10 −6 M/ml, H-5824, Bachem, Bubendorf, Switzerland) at 4°C for 24 hr and then used for confirming the specificities of them. Preabsorbed GLP-1 monoclonal antibody showed the negative reaction, but preabsorbed GLP-2 antiserum did the specific immunoreactivity. Moreover, single immunofluorescent staining was carried out for each primary antibody and compared with double immunofluorescent staining. Negative control sections were incubated with the normal donkey serum instead of the specific primary antibody or in the absence of the primary antibody. They showed negative immunoreactivity. Paraffin sections from rat ileum were used for positive control sections and showed the specific immunoreactivity for each primary antibody. The specificity of the secondary antiserum was controlled by the omission of the primary antibody. No cross reactivity of the secondary antiserum was observed.
Immunocytochemistry: Ultrathin sections were made with an ultramicrotome (Super Nova, Reichert-Jung, Vienna, Austria) by using glass knives and mounted on nickel grids.
Ultrathin sections, pretreated with 1% sodium periodate solution and 1% normal donkey serum subsequently, were incubated with the mouse monoclonal antibody against GLP-1 (1:8,000) overnight. After several washing with PBS, they were treated with colloidal gold (12 nm in diameter)-labeled donkey anti-mouse Ig G serum (1:200, 715-205-150, Jackson Immuno Research, West Grove, PA, U.S.A.) for 2 hr, stained with TI blue (Nisshin-EM, Tokyo, Japan) and observed under a transmission electron microscope (JEM-1400, JEOL, Tokyo, Japan). Double immunocytochemical staining was applied for the detection of colocalization of GLP-1 with GLP-2 at electron microscopic level. After incubation with the monoclonal antibody against GLP-1, sections were subsequently incubated with rabbit anti-GLP-2 serum (1:2,000). And then, ultrathin sections were treated with a mixture of colloidal gold (12 nm 
All incubations were carried out in the moisture chamber at room temperature. The specificity of the colloidal goldlabeled secondary antiserum was controlled by the omission of the primary antibody. No cross reactivity of the secondary antiserum was observed.
Morphometry: Morphometrical analysis was carried out to characterize secretory granules of L-cells. The shortest and longest diameters of secretory granules were measured by using an image analyzer (KS400, Carl Zeiss, Göttingen, Germany). Photomicrographs at ×5,000 magnification were used for this measurement. A total of 160 secretory granules from 10 L-cells were measured.
RESULTS
Single immunofluorescent staining for GLP-1 and GLP-2 revealed that endocrine cells showing immunoreactivity for each peptide were scattered in the villous epithelium and crypt of the chicken ileum ( Fig. 1a and 1b) . Both immunoreactive cells showed the similar localization in the ileum to that indicated by double immunofluorescent staining as mentioned below and our previous observation.
L-cells showing immunoreactivity for both GLP-1 and GLP-2 were observed in the whole ileum (Figs. 1c, 1c' and 2). They were located in epithelium of crypts and lower part of intestinal villi and showed comma-like or flask-like shape (Fig. 2, large arrows) . These cells had a long cytoplasmic process (Fig. 2a, small arrow) and were in contact with the intestinal lumen. L-cells showing immunoreactivity for only GLP-1 were located in epithelium of lower and middle parts of intestinal villi (Fig. 2a, arrowhead) . Most of GLP-2-immunoreactive cells were also immunoreactive for GLP-1 ( Fig. 1c and 1c' ).
At the electron microscopic level, L-cells labeled with gold particles of 12 nm in diameter were found in epithelium of crypts and lower and middle parts of intestinal villi ( Fig.  3a and 3c) . Gold particles were mainly found on secretory granules, but rarely on cytosol or other organelles. L-cells were flask-like or comma-like in shape (Fig. 3a and 3c ) and had an oval nucleus. They were covered apically with microvilli, so-called open-type endocrine cells. Their secretory granules without halo were accumulated mainly in the basal cytoplasm of L-cells. They were round to oval in shape and labeled with gold particles of 12 nm in diameter (Fig. 3b and   3d ). They showed lower electron-density than that of secretory granules in enterochromaffine (EC) cells. EC cells having polymorphous secretory granules with the high electron density were observed in the intestinal epithelium, but gold particles were not located on their secretory granules (Fig.  3e) . Morphometrical analysis indicated that the shortest and longest diameters of secretory granules of L-cells were 355 ± 62 nm (mean ± SD) and 287 ± 48 nm, respectively. Double immunocytochemistry showed that secretory granules of L-cells labeled with gold particles of 12 nm in diameter were also labeled with those of 6 nm in diameter, showing GLP-2 immunoreactivity. These two sizes of gold particles were diffusely arranged on secretory granules (Fig.  3d) and rarely observed on cytosol or other organelles. The ratio between these two sizes of gold particles was almost equal on a secretory granule of L-cells.
DISCUSSION
The present study clarified the colocalization of GLP-1 with GLP-2 as well as ultrastructural features of L-cells in the chicken small intestine by colloidal gold-labeling immunocytochemistry. L-cells in the chicken small intestine are characterized by microvilli covering their apical surface and many secretory granules showing moderate electron density. Secretory granules without halo are relatively large and round or oval in shape, and GLP-1 and GLP-2 are stored in them. Our previous studies at the light microscopic level have reported the morphological features and the distributional pattern of GLP-1-immunoreactive cells in the chicken small intestine [11, 12] . According to these studies, GLP-1-immunoreactive cells show comma-like or flask-like shape and are in contact with the intestinal lumen by their apical cytoplasmic process. In the present study, at the elec- In fact, GLP-1 is released in response to food intake and exerts its physiological actions in mammals [2, 7] . Our finding suggests that GLP-1 is the meal-induced hormone also in the chicken. Enteroendocrine cells have been classified into several types according to morphological features, e.g. shape, size and electron density of their secretory granules [13] . Some ultrastructural studies in the mammalian intestine have shown that L-cells are characterized by round, homogenous, large (about 300 nm in diameter) and electron-dense granules [3, 10, 14, 23] . In the present study, L-cells in the chicken intestine were also characterized with secretory granules showing similar features to those in mammalian L-cells mentioned above. Electron density of secretory granules in chicken L-cells, however, is not similar to those in mammals. We identified EC cells together with L-cells in this study and found that these EC cells contained polymorphous and electron dense granules as reported in the previous study in the chicken duodenum [24] . Compared with secretory granules in EC cells, those in L-cells were lower electron density and showed moderate density. This difference in electron density of secretory granules is likely to be one of characteristic features of chicken intestinal L-cells.
The present study revealed the colocalization of GLP-1 with GLP-2 in the same cells. Human GLP-2 is a gastrointestinal hormone with 33% sequence homology to glucagon and shows the intestinotrophic endocrine/paracrine actions 
